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(54) Electrostatically removing 
particulate material from gas 

(57) An apparatus for reducing back 
corona effects while charging high 
resistivity dust or the like in a co- 
rona field, includes a corona dis- 
charge electrode 20, a passive elec- 
trode 1 8 and a screen electrode 1 7, 
the screen electrode being posi- 
tioned between the discharge elec- 



trode and the passive electrode. 
The screen electrode is positioned 
more closely to the passive elec- 
trode than to the discharge elec- 
trode and is supplied with an elec- 
trical potential which is of the same 
polarity as and a fraction of the 
magnitude of the discharge elec- 
trode potential relative to the pas- 
sive electrode. Gas having entrained 
therein the particulate material, 
which is to be removed, flows be- 
tween the screen and discharge 
electrode and thence to a particu- 
late material collection stage 30. 
The space between the screen and 
corona discharge electrode remains 
essentially a unipolar ion field, 
while ions of the opposite polarity 
originating at the passive electrode 
due to back corona are collected by 
the screen electrode. Instead of the 
cylindrical geometry shown, a parallel 
plate/ wire arrangement may be used . 
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SPECIFICATION 

Method of and apparatus for removing par- 
ticulate material from ga using a charging 
5 state and a separate electrostatic collection 
stage while reducing back corona effects 

This invention relates to a method of an 
apparatus for reducing back corona effects in 

10 the process of charging particulate material in 
an electrostatic precipitator. More particularly, 
the present invention relates to a method of 
and apparatus for reducing the effects of back 
corona so that a substantially unipolar ion 

1 5 field is maintained for charging particulate 
material in a charging stage upstream from a 
particulate material collecting stage. 

Many conventionally applied methods and 
apparatus for control of back corona are based 

20 principally upon reducing the resistivity of 
particulate matter collected by electrostatic 
precipitation. Conditioning reagents are 
sprayed into the gas stream or introduced into 
the boiler along with the coal. These methods 

25 require special systems for handling and dis- 
pensing chemical conditioning agents in large 
quantities. 

The effectiveness of the invention does not 
depend upon the chemical nature of the parti- 

30 culate material to be precipitated. No chemical 
agents are required. 

It is known from U.S. Patent No. 
2,142,129 to pass gas with entrained particu- 
late material into an apparatus which includes 

35 an external housing, a centrally located corona 
discharge electrode and an apertured interme- 
diate electrode, the intermediate electrode be- 
ing held at a potential less than but of the 
same polarity as the discharge electrode. The 

40 gas in which is entrained the particulate mate- 
rial passes radially through the apertured elec- 
trode towards the internal surface of the hous- 
ing. The housing acts as the dust collecting 
electrode and the gas is passed out of the 

45 apparatus via an opening between the hous- 
ing and the apertured electrode. Apparatus of 
this general type have the disadvantage that 
dust which collects between the apertured 
electrode and housing tends to cause electri- 

50 cal discharges and the probability of back 
corona discharge is also considerable. 

It is known from U.S. Patent 1 ,605,648 to 
pass gas whh entrained particulate material 
into an apparatus which includes an external 

55 housing, a centrally located corona discharge 
electrode and an apertured intermediate elec- 
trode, the intermediate electrode being held at 
the same polarity and potential as the housing 
with respect to the discharge electrode. The 

60 gas with th entrained particulate material is 
passed into th apparatus, the particulate ma- 
terial collecting on the utsid of the interme- 
dial lectrod in the neutral zone between 
this electrode and th housing with the gas 

65 passing outwardly via a circumferential open- 



ing between the discharge and apertured elec- 
trodes. Here again, th disadvantages of back 
corona and electrical discharges xist. 

Bectrostati precipitators are known which 
70 include a charging section or stage having a 
passive electrode and a corona discharge elec- 
trode between which gas containing particu- 
late material is passed, the passive electrode 
surrounding the discharge electrode. The par- 
75 ticulate material becomes charged, as a result 
of the corona discharge, and with the gas is 
passed to a further stage provided with an 
electrical field which effects precipitation of 
the charged particulate material. An example 
80 of precipitators of this preconditioning type 
can be seen in U.S. Patent Nos. 3,747,299 
and 2,142,129. It is believed that the possi- 
bility of sparking is reduced, as compared 
with the apparatus disclosed in U.S. Patent 
85 No. 1,605,648, because dust and other parti- 
culate material are not collected on the pas- 
sive electrode. Nevertheless, the disadvantage 
of back corona discharge is present and, when 
taking place, can seriously reduce and even 
90 virtually completely counteract the desired 
charging of the entrained particulate material. 

The techniques of charging particulate ma- 
terial in electrostatic precipitators as noted 
above depends upon the presence of ions, 
95 principally of a single polarity, in the charging 
region. If comparable quantities of both posi- 
tive and negative ions are present, very poor 
particle charging results, because of the com- 
peting effects of the oppositely charged ions. 

1 00 In a conventional electrostatic precipitator a 
layer of high resistivity particulate material on 
the passive electrode may suffer electrical 
breakdown, resulting in a corona discharge 
from the surface of the passive electrode. This 

105 phenomenon, known as back corona, pro- 
duces an undesirable bipolar ion field in most 
of the space between the electrodes of the 
corona system. 
It is an object of the present invention to 

110 provide a method of and apparatus for reduc- 
ing the undesirable bipolar ion field between 
electrodes in the charging section or stage of 
an electrostatic precipitation system. 
It is another object of the present invention 

1 1 5 to provide a method of and apparatus for 
removing from an electrostatic precipitation 
system ions of incorrect polarity produced by 
back corona discharge. 
It is a further object of the present invention 

1 20 to provide a method of and apparatus for 
allowing ions of one polarity to flow between 
a corona discharge electrode and a passive 
electrode, whil capturing ions of opposite 
polarity which may be produced from the 

1 25 passive lectrode in th particulate material 
charging section or stage of an lectrostatic 
precipitation syst m. 

According to the present invention there is 
provided a method of removing particulate 

1 30 material from gas using a charging stage and 
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a separate electrostatic collecting stage while 
reducing back corona effects in the charging 
stage, the method comprising providing in 
said charging stage an ion field of given 
5 polarity between at least one corona discharge 
electrode and at least one ion-permeable pas- 
sive electrode in said charging stage, remov- 
ing ions of opposite polarity which may result 
from back corona discharge from said at least 
10 one passive electrode by capturing the ions of 
opposite polarity with at least one intermedi- 
ate electrode positioned between said corona 
discharge electrode and said passive elec- 
trode. passing gas containing particulate ma- 
15 tenal to be removed substantially longitudi- 
nally through space between said intermediate 
electrode and said corona discharge electrode 
to charge said particulate material, and there- 
on 7T* pass,n 9 said 9as containing said particu- 
20 late matenal to be removed out from said 
charging stage containing said corona dis- 
charge electrode, said passive electrode and 
said intermediate electrode, into said separate 
electrostatic collecting stage to collect said 
25 particulate material in said electrostatic collec- 
tion stage. 

Also according to the present invention 
there is provided an apparatus for removing 
on ^ J material from 9as using a charging 
30 stage and a separate electrostatic collection 
stage while reducing back corona effects, the 
apparatus comprising said charging stage 
Mid charging stage having at least one pas- 
sive electrode, at least one corona electrode 
J5 spaced from said passive electrode and an 
ion-permeable intermediate electrode posi- 
tioned between said corona electrode and said 
passive electrode for intercepting ions origi- 
nating from back corona discharge from said 
40 passive electrode; means for applying a volt- 
age of given polarity relative to said passive 
electrode to said corona electrode; means for 
applying a voltage of said given polarity rela- 
. r- *?L t0 1 sa,d P assive electrode to said interme- 
45 diate electrode at a lesser magnitude than the 
magnitude applied to said corona discharge 
electrode; and means for passing gas contain- 
ing entrained particulate material longrtudi- 
nalfy through the space between said corona 
50 discharge electrode and said intermediate 
electrode to charge the particles as a result of 
corona^ discharge from said corona electrode- 
and wherein said separate electrostatic collec- 
tion stage is positioned downstream from said 
op charging stage. 

The present invention will be further illus- 
trated, by way of example, with reference to 
the accompanying drawings, in which- 

Rn ? 9 "? • ' S ■ " m P B, w* Papally schematic. 
bO pictorial view of an apparatus used to verify 

die three-electrode corona concept utilized in 

the present invention. 
Rgure 2 is a graphic representatj n f efeo 
65 1 CUrrents in1he a PPafatus shown in fig. 



Figure 3 is a partially schematic, pictorial 
view of an xemplary embodiment of a charg- 
ing stage according to th present invention 
shown in an electrostatic precipitator. 
70 Figure 4 is a partially schematic, pictorial 
view of a further exemplary embodiment of a 
charging stage according to the present inven- 
tion, illustrated in an electrostatic precipitator 
Before turning to a detailed discussion of 
/5 the two exemplary embodiments illustrated 
respectively in Figs. 3 and 4. a brief discus- 
sion of the apparatus shown in fig. 1 with 
reference to fig. 2 is in order and serves to 
aid one in understanding the present inven- 
BU tion. 

The basic concept of the present invention 
and performance of a three electrode corona 
electrode arrangement is illustrated by refer- 
. ence to the simple corona geometry shown in 
B5 Fig. 1. A corona discharge electrode 10 hav- 
mg a sharp point 1 1 is placed three centi- 
meters from a flat plate passive electrode 1 2 
An intermediate screen electrode 13, in the 
form of a wire screen with approximately 84% 
90 open area and 0.64 cm wire spacing is pro- 
vided as the third electrode. The screen elec- 
trode 1 3 is placed at a distance of 1 cm from 
the passive electrode 12. two insulating mem- 
bers 9 being positioned between the screen 
95 electrode and the passive electrode. The cur- 
rent of each of the electrodes 1 0, 1 2 and 1 3 
is monitored separately, respective microamet- 
ers 14. 15 and 16 being provided for that 
purpose. 

1 00 Since the screen electrode 1 2 serves as a 
trap for back corona ions, the onset of back 
corona should produce a simultaneous in- 
crease in current at the passive electrode 12 
... and at the screen electrode 1 3. with little 
105 effect on the current level at the discharge 
electrode 10. Experimental results demonstrat- 
ing this behaviour are presented in Fig. 2 An 
experiment was conducted in which the co- 
rona system of Fig. 1 was enclosed in an 
1 10 oven at 150X. and redispersed ffyash was 
injected I into the air below the discharge elec- 
trode 1 0. After approximately four minutes 
operating time a very sharp rise in current at 
boththe screen electrode 1 3 and the passive 
115 electrode 12 occurred, signalling the onset of 
bade corona. The fluctuation in current at the 
discharge electrode 10 was very small in 
companson. During this stage of the experi- 
i on ^f^?*^'* 898 81 corona discharge 
° orf^I 10 was 15kV and *ha voltage was 
8kV at the screen electrode 1 3. The passive 
electrode 1 2 was held at ground, that is zero 
potential. By adjusting the el ctrode voltages 
i ok 2 was P 08 *"? * arrive at steady-state condi- 
125 tons where the screen and passive. electrod 
current lev Is were between three and ten 
times as great as the discharge electrode 
current. 

1 on difference * magnitude of current 
1 30 at the screen electrode 1 3 and passiv elec- 
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trode 1 2 is the amount f current from the 
discharg electrod 1 0 which has passed 
through th screen lectrode 1 3 and arrived 
at the passive electrode 1 2. Current losses to 
5 the oven walls account for the experimental 
discrepancies. 

The significance of the experimental results 
are best seen in the manner that the screen 
electrode current follows the fluctuations in 
10 the current at the passive electrode 12, while 
the discharge electrode current remains rela- 
tively constant for fixed values of applied 
voltage. Ions originating at the passive elec- 
trode as a result of back corona discharge, are 
15 effectively trapped successfully by the screen 
electrode 13. 

In Fig. 2, the vertical dashed lines denote 
times at which the noted voltage changes at 
the screen electrode 1 3 and the discharge 
20 electrode 10 were made, these voltages being 
denominated respectively in Fig. 2 as 
and V^. Initially, during the experiment, the 
screen electrode voltage was 8kV and the 
discharge voltage was 1 3kV. 
25 Turning now to Fig. 3, a first specific, 
exemplary embodiment of an apparatus for 
reducing back corona discharge effects is 
shown incorporated into a charging stage op- 
eratively associated with an electrostatic pre- 
30 cipitator or collecting stage. 

As shown in Fig. 3, the exemplary embodi- 
ment of the charging stage is designated 
generally by the numeral 16. 

A screen electrode 1 7 and passive elec- 
35 trode 18, shown partially broken away, are 
respective coaxial electrodes of cylindrical con- 
struction in the form of a wire which is 
stretched along the axis of the system. The 
outer electrode 18 is grounded, and a high 
40 voltage, of either positive or negative polarity, 
is applied to the wire discharge electrode 20 
from a D.C. power supply 21 . A separate 
power supply 22 is used to maintain an 
electrical potential on the cylindrical screen 
45 electrode 1 7. with the same polarity, but 
lower magnitude than the voltage on the 
discharge electrode 20. With proper adjust- 
ment of the screen voltage, ions originating at 
the passive electrode 1 8 will be attracted to 
50 the screen electrode 1 7 so that the space 
between the corona sheath surrounding the 
discharge electrode 20 and the screen elec- 
trode 1 7 will contain ions of principally one 
polarity. Particulate material passing through 
55 the region enclosed by the screen electrode 
may thus become charged without the contra- 
vening effects of back corona. The voltages 
applied to th discharg electrode 20 and the 
int rmediate screen lectrode 27 ar high and 
60 can have the relativ magnitudes mentioned • 
above for electrodes 10 and 13 (Fig. 1) and 
be of the same or even greater absolute 
magnitudes. The discharge corona electrod 
20 is supported by insulators 23 and 24, 
65 shown somewhat diagrammatically. 



As shown in Fig. 3, respective insulating 
rings 25 and 26 are respectively positioned 
betwe n the passive electrode 1 8 and the 
screen electrode 1 7 near the ends of these 
70 electrodes. The insulating rings 25 and 26 
not only provide support for the screen elec- 
trode 1 7, but the lower ring 26 prevents dust, 
flyash and the like from initially entering the 
space between the passive electrode 1 8 and 
75 the screen electrode 1 7. 

In operation, gas having particulate material 
such as dust, flyash or the like entrained 
therein, is fed under forced or natural draft 
into the charging stage 1 6 from one end 
80 thereof, shown near the lower portion of Fig. 
3, as indicated by the arrow-headed lines 27. 
The gas with the entrained material is passed 
axially through the stage 1 6 and is conse- 
quently subjected to the electrical and ton 
85 fields between the discharge electrode 20, the 
screen electrode 1 7 and the passive electrode 
1 8. As a result, the entrained particulate ma- 
terial becomes charged as a result of the 
corona discharge between the discharge eleo 
90 trode 20 and the passive electrode 1 8. Con- 
temporaneously back corona discharge of ions 
from the passive electrode 18 to the discharge 
electrode 20 is effectively prevented; such 
back corona discharge of ions, which would 
95 otherwise make the ion field undesirably bipo- 
lar, being prevented by capture of such ions 
by the intermediate screen electrode 1 7. 

The gas with the entrained particulate mate- 
rial, now charged, leaves the charging stage 
1 00 1 6 from that end thereof shown near the 
upper portion of Fig. 3, as illustrated by the 
arrow-headed bold lines 28 and thence to a 
collecting stage, shown diagrammatically as 
numeral 30. The collecting stage 30 may take 
105 a number of conventional forms, such as 

those illustrated in the U.S. Patent to Ta-Kuan 
Chiang, supra. The gas virtually free of the 
entrained particulate material leaves the col- 
lecting stage 30, as illustrated diagrammati- 
110 cally by the arrows 31 . 

As shown in Fig. 4, a further exemplary 
embodiment of an apparatus for reducing 
back corona discharge effects is shown incor- 
porated into a charging stage which is opera- 
115 tively associated with an electrostatic precipi- 
tator or collecting stage. 

The three-electrode concept can be applied 
to a parallel wire-plate geometry as illustrated 
in Fig. 4. As illustrated in Fig. 4, a charging 
1 20 stage 32 includes a pair of intermediate, flat, 
plane screen electrodes 33 and 34 and a pair 
of passive electrodes 35 and 36 positioned 
resp ctively in close vicinity of and spaced 
from the screen electrodes 33, 34. The screen 
125 lectrodes 33, 34 and passive electrodes 35, 
36 lie in parallel planes. A plurality of corona 
discharge electrodes 37 and 38, shown as 
two parallel wires, ar positioned in th plane 
bisecting the space between the passive elec- 
130 trades 35, 36. Operation f th syst m is 
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similar to that described for the cylindrical 
configuration. The passive electrodes 35. 36 
are grounded, and a high voltage is applied 
from a D.C. source 40 to the corona wire 
5 electrodes 37, 38. Th screen electrodes 33. 
34 are energized from a voltage source 41 
with a voltage sufficient to trap any ions due 
to back corona discharge from the passive 
electrodes 35. 36. The substantially unipolar 

70 ion field between the screen electrodes 33. 
34 serves as a charging region for particulate 
matenal passing through the charging stage. 
The magnitude and relative magnitudes of the 
voltages on the screen and discharge elec- 

15 trades 33. 34. 37 and 38 are as in the 
embodiment of Fig. 3. The discharge elec- 
trodes 37, 38 are supported by conventional 
insulators 42 positioned near their respective 
ends. The screen electrodes 33, 34 are 
20 spaced from their respective associated bas- 
srve electrodes 35, 36 by barshaped insula- 
tors 43 positioned between these electrodes 
in close vicinity to their top and bottom 



25 In operation, gas having particulate materi- 
al, such as dust, fryash or the like entrained 
therein, is fed under forced or natural draft 
into the charging stage 32 from one end * 
thereof, shown near the left hand side of Fig 
30 4, as illustrated diagrammatically by the arrow 
44. The gas with the entrained particulate 
material is passed through the stage 32 be- 
tween the two screen electrodes 33, 34 and 
is consequently subjected to the electrical and 
35 ion fields which exist as a result of the vol- 
tages applied to the electrodes. As a result 
the entrained particulate material becomes' 
charged because of the corona discharge be- 
tween the discharge electrodes 37, 38 and 
40 each of the passive electrodes 35, 36. As in 
the embodiment of Fig. 3, back corona dis- 
charge from the passive electrodes 35 36 to 
the discharge electrodes 37, 38 is effectively 
prevented. In this case, it is the action of the 
45 screen electrodes 33, 34 which collect and 
capture such ions, thereby assuring that a 
substantially monopolar ion field exists be- 
tween the screen electrodes 33, 34. 
The gas with the entrained particufate mate- 
50 nal, now charged, leaves the charging stage 
32 from the right-hand side thereof, as dia- 
grammatically illustrated by the arrow 45 and 
passes on to a conventional collection stage 
46 having an opening in its end through 
55 which gas substantially free of particulate ma- 
tenal passes out. It is to be understood that 
the charging stage 32 and the collection stage 
46 can be placed within a housing or gas 
passageway and may in fact form portions f 
60 the housing so as to enclos the space be- 
tween th ungrounded electrodes and through 
which the gas passes. 

Ahemat embodiments and variants fth 
invention include corona lectrode systems of 
65 vanous geometrical configurations in which a 



screen or perform d metal lectrod is placed 
between th corona discharge lectrode and 
the passive lectrode in such a manner as to 
provid for th removal of ions arising from 
70 back corona. The corona discharge electrode 
may be a straight wire or array of wires, 
barbed wire, helix or other form. The screen 
electrode will normally be placed nearer'to the 
passive electrode than to the discharge elec- 
75 trode and conform approximately to the shape 
of the passive electrode. The function of the 
screen electrode in such devices is the same 
as that discussed above in connection with 
figs. 1. 3 and 4. 
80 

CLAIMS 

. J- A method of removing particulate mate- 
nal from gas using a charging stage and a 
separate electrostatic collecting stage while 
85 reducing back corona effects in the charging 
stage, the method comprising providing in 
said charging stage an ion field of given 
polarity between at least one corona discharge 
electrode and at least one ion-permeable pas- 9 
90 srve electrode in said charging stage, remov- 
ing ions of opposite polarity which may result 
from back corona discharge from said at least 
one passive electrode by capturing the ions of 
opposite polarity with at least one intermedi- 
95 ate electrode positioned between said corona 
discharge electrode and said passive elec- 
trode, passing gas containing particulate ma- 
tenal to be removed substantially longitudi- 
*nn n . a,ly throu 9 h s Pace between said intermediate 
100 electrode and said corona discharge electrode 
to charge said particulate material, and there- 
after passing said gas containing said particu- 
late material to be removed out from said 
charging stage containing said corona dis- 
105 charge electrode, said passive electrode and 
said intermediate electrode, into said separate 
electrostatic collecting stage to collect said 
particulate material in said electrostatic collec- 
tion stage. 

110 2. A method as claimed in claim 1, in- 
cluding supplying an electrical potential of 
given polarity to the at least one corona 
discharge electrode with respect to the at least 
1 * c °™ P assJw . e| actrode, and supplying an elec- 
1 1 5 tncal potential of the given polarity to the 
intermediate electrode having a magnitude 
less than the magnitude of the potential sup- 
plied to the corona discharge electrode. 
1 on • ?' _. A jrnetnod as claimed in claim 1 or 2, 
1^0 including positioning the intermediate elec- 
trode between the corona discharge electrode 
and the passive electrode relatively closer to 
the passive electrod than th corona dis- 
charge electrode. 
1 25 4. A method as claimed in any preceding 
claim, substantially as hereinbefore described 
and illustrated. 
5. An apparatus for removing particulate 
i on matenal fro, P 9 as a charging stage and 
1^0 a separate electrostatic collection stage while 
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reducing bade corona effects, the apparatus 
comprising said charging stage, said charging 
stags having at least ne passive electrod , at 
least one corona electrode spaced from said 
5 passive electrode and an ion-permeable inter- 
mediate electrode positioned between said co- 
rona electrode and said passive electrode for 
intercepting ions originating from bade corona 
discharge from said passive electrode; means 

10 for applying a voltage of given polarity rela- 
tive to said passive electrode to said corona 
. electrode; means for applying a vohage of 
said given polarity relative to said passive 
electrode to said intermediate electrode at a 

1 5 lesser magnitude than the magnitude applied 
to said corona discharge electrode; and means 
for passing gas containing entrained particu- 
late material longitudinally through the space 
between said corona discharge electrode and 

20 said intermediate electrode to charge the parti- 
cles as a result of corona discharge from said 
corona electrode; and wherein said separate 
electrostatic collection stage is positioned 
downstream from said charging stage. 

25 6. An apparatus as claimed in claim 5, 
wherein said intermediate electrode is an aper- 
tured electrode. 

7. An apparatus as daimed in claim 6, 
wherein said intermediate electrode is a 

30 screen electrode. 

8. An apparatus as daimed in daim 5, 
wherein said passive electrode is cylindrical 
and has a longitudinal axis, said corona dis- 
charge electrode is a wire electrode positioned 

35 along at least a portion of said axis, and said 
intermediate electrode is cylindrical and is 
positioned coaxially with said passive elec- 
trode. 

9. An apparatus as daimed in daim 8 

40 wherein said intermediate electrode is an aper- 
tured electrode. 

10. An apparatus as daimed in daim 5, 
wherein said at least one passive electrode 
comprises two passive electrodes spaced apart 

45 from one another in substantially parallel 

planes, said intermediate electrode being posi- 
tioned between one of said passive electrodes 
and said at least one corona discharge elec- 
trode, and induding a further intermediate 

50 electrode positioned between the other of said 
passive electrodes and said at least one co- 
rona discharge electrode. 

11. An apparatus as claimed in claim 1 0, 
wherein said intermediate electrode and said 

55 further intermediate electrode are respective 
apertured electrodes. 

12. An apparatus a daimed in claim 10, 
wherein said at least on corona discharge 
electrod comprises a plurality of corona dis- 

60 charge electrodes positioned in a plane be- 
tween said substantially parallel planes. 

13. An apparatus for removing particulate 
material from gas using a charging stage and 
a separate electrostatic collection stage while 

65 redudng back corona effects, substantially as 



hereinb fore described with reference to and 
as illustrated in th accompanying drawings. 
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